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(57) Abstract: A method for measuring the wall thickness of plastic containers (16) during a container manufacturing process in- 
cludes providing a plastic container (16), the plastic container (16) having a longitudinal axis and at least two side walls spaced 
radially from the longitudinal axis. The side walls are formed of a material that absorbs light energy in a predetermined molecular 
absorption band. Light energy is then directed from a source unit (32) through the at least two side walls of the plastic container 
(16) in a plane transverse to the longitudinal axis of the plastic container (16). A portion of the light energy that passes through the 
sidewalls of the container ( 16) is sensed by a sensor (34), and a signal representing a thickness of the sidewalls of the plastic container 
is generated from the sensed portion of the energy by a computer (56). 
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TITLE 

METHOD AND APPARATUS FOR MEASURING 
WALL THICKNESS OF A PLASTIC CONTAINER 

5 RELATED APPLICATIONS 

This application claims the benefit of U.S. 
provisional application Serial No. 60/186 , 188 filed 
March 1, 2000. 

10 FIELD OF THE INVENTION 

The present invention relates to a method and 
apparatus for measuring wall thickness, and more 
particularly to a method and apparatus for measuring 
the wall thickness of plastic containers at the 

15 production line and during the production operation'. 

BACKGROUND OF THE INVENTION 
One of the difficulties in blow molding plastic 
containers is the problem of maintaining uniform wall 
20 thickness throughout the height of the container. Even 
with well made preforms, slight deviations from ideal 
temperature distribution in the preform can cause 
nonuniformity and thin areas or regions in the 
sidewalls. Because of this problem it is usually 
25 necessary to use more resin than is needed theoretically 
in order to maintain minimum wall thickness 
specifications, resulting in higher production costs. 

Currently, it is necessary for someone to pull 
sample containers from the output conveyor, cut them 
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open, and manually measure the vertical wall thickness 
distribution. If the distribution is not satisfactory, 
the measurement data can indicate how the process needs 
to be adjusted. In some cases, there is a critical 
5 location where one measurement can indicate how the 
process is running. For example, if one area of the 
sidewall is running too thick, the additional thickness 
can indicate that some other area where the wall 
thickness is difficult to measure, such as the heel, is 

10 running too thin. 

Wall thickness distribution information must be 
acquired as quickly as possible. If the manufacturing 
process is out of specification limits, a large quantity 
of scrap can be generated before the necessary 

15 information can be acquired and a correction made. The 
sectioning and manual measurement of the wall thickness 
distribution can be tedious, time consuming, and 
inaccurate. Consequently, the manufacturing process 
results in a large variation in container wall 

20 thickness, rarely approaching the optimum distribution 
necessary for achieving a desired minimum weight of the 
final product. 

There are numerous off-line optical and mechanical 
systems which can be used to measure the wall thickness 

25 at various locations on a container. However, these 
generally require the container to be removed from the 
manufacturing machine, loaded upon or within the 
measuring system, and a large number of measurements 
made off-line. These systems are normally found in the 
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quality control laboratory and cannot provide timely 
feedback to the forming process. 

An object of the invention is to produce a plastic 
container wall thickness measuring system which 
5 minimizes production costs. 

Another object of the invention is to produce a 
plastic container wall thickness measuring system, 
which minimizes product waste. 

Still another object of the invention is to 
10 produce a plastic container wall thickness measuring 
system which minimizes production line downtime. 

Another object of the invention is to produce a 
plastic container wall thickness measuring system, 
which can operate on-line and at a high speed during 
15 a plastic container manufacturing process. 

A further object of the invention is to produce 
a plastic container wall thickness measuring system 
which can measure through both walls of the container 
simultaneously, and determine the average wall 
20 thickness by dividing the measurement by two. 

Yet another object of the invention is to 
produce a plastic container wall thickness measuring 
system, which can make multiple thickness 
measurements at a given .height on the container. 
25 Still another object of the invention is to 

produce a plastic container wall thickness measuring 
system, which can make multiple thickness 
measurements from multiple heights on the container. 



3 



wo 01/65204 



PCT/USOl/06012 



SUMMARY OF THE INVENTION 
The above, as well as other objects of the 
invention, may be readily achieved by a method for 
measuring the wall thickness of plastic containers 
5 during a container manufacturing process including: 
providing a plastic container, the plastic container 
having a longitudinal axis and at least two side 
walls spaced radially from the longitudinal axis, the 
side walls being formed of a material that absorbs 

10 light energy in a predetermined molecular absorption 
band; directing light energy from a source through 
the at least two side walls of the plastic container 
in a plane transverse to the longitudinal axis; 
sensing a portion the light energy that passes 

15 through the side walls of the plastic container; and 
generating a signal from the sensed portion of the 
light energy representing a thickness of the side 
walls of the plastic container. 

The subject invention also includes a plastic 

20 container wall thickness measuring system comprising: 
a source of light energy directed toward a path of 
travel of a plastic container, the plastic container 
having side walls formed of a material absorbing a 
first portion of the light energy; a light sensor for 

25 receiving a second portion of the light energy, the 
second portion of the light energy having passed 
through the side walls of the plastic container, and 
being responsive to the second portion of the light 
energy for generating a signal; and a computer means 
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connected to the sensor and being responsive to the 
signal when the plastic container moves along the 
path between the source and the sensor for 
calculating an average wall thickness value from a 
5 selected number of positions of the plastic container 
along the path, comparing the average wall thickness 
value with stored standards and indicating one of 
acceptance and rejection for the plastic container. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

The above, as well as other objects, features, and 
advantages of the. present invention will be understood 
from the detailed description of the preferred 
embodiments of the present invention with reference to 

15 the accompanying drawings, in which: 

FIG. 1 is a partially exploded perspective view of 
the plastic container wall thickness measuring system 
with the support frames removed, incorporating the 
features of the invention; 

20 FIG. 2 is a top plan view of the emitter 

assembly and the sensor assembly portions of the 
plastic container wall thickness measuring system 
illustrated in Fig. 1; 

FIG. 3 is a side elevational view of the emitter 

25 assembly and the sensor assembly portions of the 
plastic container wall thickness measuring system 
illustrated in Fig. 1; 

FIG. 4 is a schematic block diagram of the 
electronic circuits used to condition and amplify the 
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signal from the sensor of the wall thickness 
measuring system illustrated in Fig. 1; 

FIG. 5 is a flow diagram of the calibration 
method used in the wall thickness measuring system 
5 illustrated in Fig. 1; and 

FIG. 6 is a flow diagram of the inspection 
method used in the wall thickness measuring system, 
illustrated in Fig. 1; 

10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring now to the drawings, and particularly 
Fig. 1, there is shown generally at 10 a~ plastic 
container wall thickness measuring system 
incorporating the features of the invention. 

15 Referring now to Figs. 2 and 3, the wall thickness 
measuring system 10 includes an emitter assembly 12 
and a sensor assembly 14. The emitter assembly 12 
and sensor assembly 14 are spaced apart such that a 
plastic container 16, such a polyethylene 

20 terephthalate (PET) , blow molded bottle, can be 
caused to travel there between. 

The emitter assembly 12 includes a first support 
frame 18 made of a rigid material such as aluminum. 
The support frame 18 is configured for engagement 

25 with any suitable surface, such as a floor, and an 
associated plastic container manufacturing machine 
(not shown) . 

The emitter assembly 12 further includes at 
least one incandescent light bulb 20 for emitting 
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light energy with a majority of the light energy 
output occurring in the infrared (IR) frequency 
range. Preferably, the bulb 20 emits light energy 
within the range of from about 2.4 0 to about 2.50 
5 microns. A reflector 22 is disposed on the support 
frame 18 and positioned on the opposite side of each 
bulb 20 from the container 16. The reflector 22 
reflects light energy emitted from the bulbs 2 0 to 
increase the intensity of the light energy in the 

10 direction of the plastic container 16. The reflector 
22 also helps adjust the uniformity of the IR light 
energy emitted. In the embodiment illustrated, two 
bulbs 20 and one reflector 22 are shown, but it will 
be understood that any combination of one or more 

15 bulbs 20, and one or more reflectors 22 may be used. 
As shown in Fig. 1, an electrical distribution box 24 
is coupled to a power source (not shown) by a first 
flexible power cord 25. The bulbs 20 are coupled to 
a direct current (DC) power converter 26 by a second 

20 flexible power cord 27. The DC power converter 26 is 
then coupled to the distribution box 26 by a. third 
flexible power cord 28. The electrical distribution 
box 24 provides the voltage necessary to power the 
bulbs 20. 

25 At least one dense light diffuser 30 is disposed 

opposite the reflector 22 in the optical path of the 
light energy generated by the bulbs 20, and forms one 
wall of an enclosure 32. Preferably, two or more 
diffusers 30 are used. The enclosure 32 encloses the 
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bulbs 20 and the reflector 22 on all sides such that 
the light energy is directed only through the 
diffuser 30. The enclosure 32 is attached to the 
support frame 18 by any suitable means such as by 
5 bolts, gluing, or welding. ^ 

The diffuser 3 0 provides an area of uniform 
diffuse light, and is preferably positioned within 
the range of from about four to seven inches from the 
sensor assembly 14. The diffuser 30 is configured to 

10 be of a height suitable to direct light energy 

through the maximum height of the plastic container 
16 to be inspected, and preferably between one and 
1.5 times wider than the width of the container 16 to 
be measured. Preferably, the light diffuser is 

15 within the range of from about three to about four 
inches wide, and from about five to about eight 
inches high. 

The container 16 is typically carried on the 
conveyor 31 of a plastic container manufacturing 

20 machine, such as an exit conveyor of a machine for 

blow-molding plastic containers, and caused to travel 
between the emitter assembly 12 and the sensor 
assembly 14 at a uniform velocity. The containers 16 
will typically travel at a rate of from about two to 

25 about twenty containers per second. Although the 

measuring system 10 is shown associated with an exit 
conveyor of a machine for blow-molding plastic 
containers, the system 10 can be used during any 
stage of the plastic container manufacturing process. 
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For example, the system 10 can be incorporated within 
a plastic container manufacturing machine, or can be 
used off-line. 

The sensor assembly 14 includes a second support 
5 frame 32 made of a rigid material such as aluminum. 
The support frame 3 2 is configured for engagement 
with any suitable surface, such as a floor, or an 
associated plastic container manufacturing machine 
(not shown) . 

10 The sensor assembly 14 further includes a sensor 

34 for receiving the light energy emitted by the 
bulbs 20. The sensor 34 must be sensitive to light 
energy within the range of from about 2.4 0 to about 
2.50 microns. For example, sensors 34 made of lead 

15 sulfide (PbS) or lead selenide (PbSe) are sensitive 
within the range of from about 2.40 to about 2.50 . 
microns. Preferably, the sensor 34 is made of PbS 
having a fast chemistry^ the PbS sensor material 
being doped to enhance speed rather than sensitivity. 

20 Additionally, sensors made from PbS or PbSe are 
advantageous because they can be made in a small 
size, and have a simple electrical operation. 

Although sensors 34 made from PbS and PbSe can 
experience both short term and long term drift in the 

25 required IR sensitivity range, both problems can be 
minimized or eliminated. The temperature of the 
sensor 34 can be controlled by a cooling means, such 
as, for example, a thermoelectric cooler (not shown), 
thereby eliminating the long-term drift, while 
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computer monitoring of the clear light path 
sensitivity can compensate the short-term drift. 
Preferably, the thermoelectric cooler will cause the 
sensor 34 to operate at about 65 degrees Fahrenheit, 
5 however operating temperatures as low as -5 0 degrees 
Fahrenheit may be achieved. 

It is important that reflection of the diffuse 
IR light energy from the front surface of the sensor 
34 not be directed back at the container 16. Such a 

10 reflection can then be again reflected from the 

surface of the container 16 and produce an error in 
the measurement. Although the front surface of the 
sensor 34 can be coated with a material which absorbs 
the light energy, such absorption will result in an 

15 undesirable increase in the heat load on the sensor 
34. Therefore, it is more advantageous to construct 
a sensor 34 having a highly reflective surface, but 
having a surface angled such that any reflected light 
energy is directed away from the container 16. The 

20 sensor 34 is disposed in a sensor enclosure 36. The 
enclosure 3 6 is attached to the frame 32 by any 
suitable means such as by bolts, gluing, or welding. 
The sensor 34 is further coupled to signal 
amplification circuits by a signal line (not shown) . 

25 A generally annular and planar chopper wheel 4 0 

is disposed on the frame 3 2 adjacent to the container. 
16 and on the opposite side of the container 16 from 
the diffuser 30. The chopper wheel 40 is impermeable 
by IR light energy, and can be made of any rigid 
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generally rectangular shape, each side having a 
length within the range of from about two to about 
ten Tnillimeters . The size of the aperture 46 limits 
the size of the area of the container 16 walls that 
5 can be measured and averaged to an area less than 
three hundred square millimeters. Preferably, the 
aperture 4 6 is a square shaped aperture having six 
millimeter sides, and is located within the range of 
from about one to about four inches from the sensor 
10 34. 

A narrow band pass light filter 48 is located 
between the plate 44 and the sensor 34. Preferably, 
the filter 4 8 is located as close as about one inch 
from to the sensor 34 so as to prevent stray, 

15 unfiltered light from reaching the sensor 34. The 
filter 4 8. blocks all light energy not within an 
absorption band equal to the absorption band of the 
molecular structure of the resin used to manufacture 
the container 16. For PET resin, for example, a 

20 desirable absorption band occurs at about 2.44 

microns. At 2.44 microns, the absorption band is 
largely insensitive to water vapor or other volatile 
materials which can be absorbed by the resin. 
Although a desirable absorption band for PET resin 

25 occurs at about 2.44 microns, other absorption bands 
can be used in the invention. For example, 
absorption bands of about 2.92 microns or about 1.62 
microns may also be selected and used. 

Preferably, a thin film interference filter will 
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be used to provide the best narrow band pass with a 
high transmission in the desired IR range of about 
2.40 to about 2*50 microns. The filter 48 must be 
large enough to prevent any light energy from passing 
5 around the edges thereof, and to allow only filtered 
IR light energy to arrive on the sensor 34 . Although 
in the embodiment illustrated the filter 4 8 is 
located between the plate 44 and the sensor 34, it is 
understood that the filter 4 8 can be placed anywhere 

10 between the bulb 20 and the sensor 34. 

A schematic block diagram of the electronic 
circuits used to condition and amplify the signal 
from the sensor 34 is illustrated in Fig. 4. Since a 
solid state sensor such as a PbS sensor 34 is a high 

15 resistance device, any loading by the amplification 
circuit would create an error in the reading. 
Therefore the electrical signal is first introduced 
into a DC voltage blocking capacitor 49. The signal 
is then introduced into a high impedance junction 

20 field effect transistor (JFET) operational amplifier 
5 0 with one hundred percent negative feedback. The 
JFET amplifier 50 provides unity gain, nearly 
infinite input resistance, and a low resistance 
output to feed into the following voltage and power 

25 amplification stage. The electrical signal is next 
introduced into a video operational amplifier 52, 
such as an 847 video operational amplifier 
manufactured by Analog Devices, Incorporated. The 
video operational amplifier 52 is disposed to receive 
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an electrical signal from the JFET amplifier. The 
video operational amplifier 52 provides a voltage 
gain within the range of from about ten to one 
hundred. The amplifier 52 provides an accurate and 
5 reliable signal, and a sufficient current to drive a 
shielded, low noise line 54, such as a twisted-wire 
pair, or a terminated coaxial cable, to a computer 
56. The JFET amplifier 50 and the video operational 
amplifier 52 are disposed in the enclosure 36, and 

10 are preferable located adjacent the sensor 34. The 
computer 56 is coupled to the electronic distribution 
box 24 by a fourth flexible power cord 60. Prior to 
being processed by the computer 56, the analog signal 
from the amplifier 52 is converted to a digital 

15 signal by a digital signal .converter 54 disposed 
within the computer 56. 

The plastic container wall thickness mea-suring 
system 10 operates by directing the sensor 34 toward 
the walls of the container 16. The uniform diffuse 

20 IR light emitted through the diffuser 3 0 passes 

through both walls of the container 16 and to the 
sensor 34. The diffuse light washes out the dark 
spots which can occur due to bumps, stria, and other 
irregularities in the sidewalls of the container 16. 

25 Further, the container 16 of a typical blow molding 
operation tends to have a uniform circumferential 
wall thickness. However, wall thickness variations 
in the vertical axis of such a container 16 are 
difficult to control. The wall thickness in the 
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vertical axis is therefore frequently not uniform. 
By measuring the optical absorption of the IR light 
energy through both walls of the container 16, at a 
wavelength which corresponds to the molecular 
5 absorption band of the container 16 resin, and after 
correcting for variations in geometry and reflection/ 
a valid and accurate value for the thickness of the 
two walls can be calculated. Simply dividing the 
two-wall value by two gives an average value for 

10 single wall thickness. 

A flow diagram of the inspection method of the 
current invention is illustrated in Fig. 6. The 
chopper wheel 4 0 is preferable caused to rotate at a 
rate of about two hundred fifty revolutions per 

15 second. Each half -revolution of the chopper wheel 40 
defines one chop cycle. During each chop cycle light 
intensity data is preferably received by the sensor 
34 and processed by the computer 56 at a rate of 
about 4 9 times per chop cycle. Two types of light 

20 intensity data are received during each chop cycle. 
First, a plurality of light readings are received at 
the sensor 34 as light energy passes through a slot 
41 of the chopper wheel 41. Second, an similar 
number of dark readings are received at the sensor 34 

25 as the IR impermeable portion of the chopper wheel 
40, located between the slots 41, passes between the 
bulbs 20 and the sensor 34. 

From the light intensity data received during 
each chop cycle, the computer selects and averages 
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from about five to about seven of the light readings 
having the highest intensity, and selects and 
averages from about five to about seven of the dark 
readings having the lowest intensity. The average of 
5 the dark readings is then subtracted from the average 
of the light readings to result in an average 
intensity value for each chop cycle. Preferably, 
within the range of from about ten to about fifty 
such inte;nsity values will be determined for each 

10 container 16 as each container 16 passes between the 
emitter assembly 12 and the sensor assembly 14. 

The computer 56 then stores the valuie received 
64, and preferably selects and averages from about 
three to a:bout six of the highest intensity values 66 

15 from the about ten to about fifty values to result in 
an average intensity value for each container 68. 
The computer 56 next compares the average intensity 
value for each container with stored measurement 
standards 70. Based on the stored measurement 

20 standards, the computer 56 then accepts or rejects 

each container 72, and displays the inspection result 
on a computer monitor 73. 

An important feature of the invention is the 
means by which the measurement system 10 is 

25 calibrated. Because of slight differences in sensor 
34 geometry and sensitivity, no two sensors 34 have 
the same calibration constants, therefore each 
measuring system 10 must be calibrated. Calibration 
further eliminates many of the geometric factors that 
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would otherwise be considered in the calculation of a 
wall thickness. 

The calibration is accomplished by creating two 
samples comprising two spaced-apart wall sections of 
5 known thickness, and of the same material being used 
to produce the containers 16. One sample will l^ave 
two thin walls and one sample will have two thick 
walls. A flow diagram of the calibration method is 
illustrated in Fig. 5. According to the method, the 

10 thin wall sample is first placed in the path of the 
light energy 74. The computer 56 then makes the 
desired number of readings, and processes and stores 
the result 76, as described in the inspection method, 
above. The process is repeated with the thick wail 

15 sample 78, 80. The computer system can then 

calculate the two system constants needed to convert 
any light energy reading into a wall thickness, 
thereby ending the calibration. 

The system constants determined during 

20 calibration are the absorption coefficient (A) and 
the intensity coefficient Hq) . Wall thickness is 
determined by an equation: 

t = -1/A log do/I) 

25 

where t is the wall thickness, A is the absorption 
coefficient, 1q is the intensity coefficient, and I is 
the measured intensity of an unknown thickness. Because 
the computer calculates A and I© during calibration, the 
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wall thickness, t, can be easily calculated. 

Because the sensors 34 can be quite small, it 
is also possible to stack a plurality of sensor 
assemblies 14 vertically to obtain multiple thickness 
5 measurements at different positions along the 

vertical axis of a container 16. Such a stack of 
sensor assemblies 14 can be used to constantly check 
a critical location on the container 16 and monitor 
vertical wall thickness distribution. 

10 It has been found that the average wall 

thickness values obtained by the method of this 
invention agree very closely with manual measurements 
made by carefully sectioning and physical gauging of 
plastic containers . 

15 Another advantage of the method of this 

invention is that the optical wall thickness 
measurement system 10 can be installed on the output 
conveyor of a high speed blow molding machine to 
measure the average wall thickness at one or more 

20 predetermined heights on every container 16. 

Another advantage of the method of this 
invention is that the optical wall thickness 
measurement system 10 can be installed within a high 
speed blow molding machine to measure the average 

25 wall thickness at one or more predetermined heights 
on every container 16. 

A further advantage of the method of this 
invention is that the optical wall thickness 
measurement system 10 can make thickness measurements 
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of both sidewalls on each container simultaneously. 

Yet another advantage of the method of this 
invention is that multiple wall thickness 
measurements can be taken while the high-speed blow 
5 molding machine is operating at full production 
speed. These data are displayed on a computer 
monitor 73, and are thereby readily accessible to the 
machine operator. Data trends are clearly visible, 
so the operator can anticipate problems before a bad 

10 container 16 is produced • The computer system which 
controls the system, and performs the necessary 
calculations, can also create a time record of the 
measurements made on the product stream. 

From the foregoing description, one ordinarily 

15 skilled in the art can easily ascertain the essential 

characteristics of this invention and, without departing 
from the spirit and scope thereof, can make various 
changes and modifications to the invention to adapt it 
to various usages and conditions. 
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CLAIMS 

WHAT IS CLAIMED IS: 

1. A method for measuring the wall thickness 
5 of plastic containers including: 

providing a plastic container, the plastic 
container having a longitudinal axis and at least two 
side walls spaced radially from the longitudinal 
axis, the side walls being formed of a material that 
10 absorbs light energy in a predetermined molecular 
absorption band; 

directing light energy from a source through the 
at least two sidewalls of the plastic container in a 
plane transverse to the longitudinal axis; 
15 sensing a portion the light energy that passes 

through the side walls of the plastic container; and 

generating a signal from the sensed portion of 
the light energy representing a thickness of the 
sidewalls of the plastic container. 

20 

2. The method according to claim 1, wherein 
the source of light energy includes at l^ast one 
incandescent bulb for generating the light energy. 

25 3. The method according to claim 1, wherein 

the source of light energy includes at least one 
light emitting diode for generating the light energy. 
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4. The method according to claim 1, wherein 
the source of light energy includes at least one heat 
radiating means radiating heat in a range above 800 
degrees Fahrenheit for generating the light energy. 

5 

5. The method according to claim 1, wherein 
the material that absorbs light energy absorbs light 
energy within an absorption band which yields an 
absorption within the range of from about one to 

10 about seventy percent of a transmission of the light 
energy in a selected thickness range. 

6. The method according to claim 1, wherein 
the source of light energy emits the light energy 

15 with an infrared wavelength corresponding to a 

molecular absorption band which is characteristic of 
a resin material used in forming the side walls of 
the plastic container. 

20 7. The method according to claim 6, wherein 

the source of light energy emits the light energy 
within a wavelength range of from about 2.40 microns 
to about 2.50 microns. 

25 8. The method according to claim 1, including 

positioning a reflective surface to reflect the light 
energy from the source toward the side walls of the 
plastic container. 
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9. The method according to claim 1, including 
carrying the plastic container along a path on a 
conveyor of a plastic container manufacturing 
machine, such as an exit conveyor of a machine for 

5 blow-molding plastic containers. 

10. The method according to claim 1, including 
performing the steps of directing, sensing, and 
generating within a plastic container manufacturing 

10 machine, such as a machine for blow-molding plastic 
containers. 

11. The method according to claim 1, including: 
rotating the plastic container about the 

15 longitudinal axis; and 

directing the light energy through the at least 
two side walls of the plastic container in a plane 
transverse to the longitudinal axis as the plastic 
container rotates . 

20 

12. The method according to claim 1, including 
directing the light energy through a light diffuser 
prior to the light energy being directed through the 
at least two side walls of the plastic container for 

25 uniformly diffusing the light energy. 
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13. The method according to claim 1, including 
passing the portion of the light energy exiting the 
plastic container through a rotating chopper wheel 
having a plurality of circumf erentially extending 

5 elongated slots interrupting the portion of the light 
energy at a rate of within a range of from about 10 
to about 500 times per second. 

14 . The method according to claim 1 , including 
10 passing the portion of the light energy through an 

aperture in a plate, the aperture limiting an area on 
k surface of the side walls of the plastic container 
from which the portion of the light energy can be 
sensed, the area being an area lesis than about 300 . 
15 square millimeters. 

15. The method according to claim 1, including 
filtering the portion of the light energy by allowing 
only a predetermined wavelength range of the light 

20 energy passing through the plastic container to be 
sensed as the portion of the light energy . 



25 
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16. The method according to claim 1, including 
sensing the portion of the light energy with at least 
one sensor responsive to light energy emissions 
having an infrared wavelength corresponding to a 

5 molecular absorption band which is characteristic of 
a resin used in forming the side wall of the plastic 
container. 

17. The method according to claim 16, wherein 
10 the sensor is made from lead sulfide. 



18. The method according to claim 16, wherein 
the sensor is made from lead sulfide having a fast 
chemistry. 

15 

19. The method according to claim 16, wherein 
the sensor is made from lead selenide. 

20. The method according to claim 16, including 
20 a sensor having a reflective surface, the reflective 

surface angled such that the light energy is 
reflected in a direction away from the plastic 
bottle. 
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21. The method according to claim 16, including 
first performing a step of calibrating the at least 
one sensor by: 

sensing a portion of light energy that passes 
5 through a thin wall calibration standard, the thin 
wall calibration standard being formed of two spaced 
apart portions of the material used to form the 
plastic container, the standard being formed thinner 
than an average desired thickness of the plastic 
10 container; 

generating a first standard signal from the 
sensed portion of the light energy representing a 
thickness of the thin wall calibration standard; 

sensing a portion of light energy that passes 
15 through a thick wall calibration standard, the thick 
wall calibration standard being formed of two spaced 
apart portions of the material used to form the 
plastic container, the standard being formed thicker 
than an average desired thickness of the plastic 
20 container; 

generating a second standard signal from the 
sensed portion of the light energy representing a 
thickness of the thick wall calibration standard; and 
calculating two system constants from the first 
25 and second standard signals for comparison with the 
signal representing the thickness of the side walls 
of the plastic container. 
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22. The method according to claim 1, including: 
selectively sensing a clear light portion, the 

clear light portion being a portion of the light 
energy caused not to pass through the plastic 
5 container; and 

adjusting the computer to correct for changes in 
light sensitivity and changes in sensor sensitivity. 

23. The method according to claim 1, including 
10 performing the step of sensing at a rate within a 

range of from about 10 to about 50 times per plastic 
container - 

24. The method according to claim 23, including 
15 performing the step of generating by averaging 

selected portions of the sensed portions. 

25. The method according to claim 1, including 
sensing the portion of the light energy with a 

20 plurality of sensors arrayed parallel with the 

longitudinal axis of the plastic container so as to 
receive light energy from a corresponding plurality 
of positions along the longitudinal axis of the 
plastic container. 

25 
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26. The method according to claim 25, including 
the array of sensors for determining a distribution 
of the thickness of the material used in forming the 
side walls of the plastic container. 

5 

27. The method according to claim 1, including 
displaying to an observer a wall thickness value 
corresponding to the thickness of the side walls of 
the plastic container. 

10 

28. The method according to claim 1, including 
displaying to an observer values corresponding to a 
trend in a distribution of the thickness of the 
material used in forming the side walls of the 

15 plastic container in a selected time period. 
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29. A plastic container wall thickness 
measuring system comprising: 

a source of light energy directed toward a path 
of travel of a plastic container, the plastic 
5 container having side walls formed of a material 
absorbing a first portion of the light energy; 

a light sensor for receiving a second portion of 
the light energy, the second portion of the light 
energy having passed through the side walls of the 
10 plastic container, and being responsive to the second 
portion of the light energy for generating a signal; 
and 

a computer means connected to said sensor and 
being responsive to said signal when the plastic 

15 container moves along the path between said source 
and said sensor for calculating an average wall 
thickness value from a selected number of positions 
of the plastic container along the path, comparing 
said average wall thickness value with stored 

20 standards and indicating one of acceptance and 
rejection for the plastic container. 

30. The plastic container wall thickness 
measuring system according to claim 29, wherein said 

25 source of light is an incandescent bulb that emits 
the light energy within a wavelength range of from 
about 2.40 microns to about 2.50 microns. 
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31. The plastic container wall thickness 
measuring system according to claim 29, including a 
light diffuser to diffuse the light energy prior to 
passing through the side walls of the plastic 

5 container. 

32. The plastic container wall thickness 
measuring system according to claim 29, including a 
light filter for allowing one of the first and the 

10 second portions of the light energy having a 

wavelength within a wavelength range of from about 
2.4 0 microns to about 2.50 microns to pass there 
through to said sensor. 

15 33. The plastic container wall thickness 

measuring system according to claim 29, including a 
cooling means for maintaining a selected constant 
temperature within said system. 

20 34. The plastic container wall thickness measuring 

system according to claim 33, wherein said cooling means 
includes a thermoelectric cooler. 

35. The plastic container wall thickness measuring 
25 system according to claim 29, wherein said source of 
light energy is powered by a DC power source. 
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36. The plastic container wall thickness measuring 
system according to claim 29, wherein said light sensor 
is made from lead sulfide, 

5 37. The plastic container wall thickness measuring 

system according to claim 29, wherein said light sensor 
is made from lead sulfide having a fast chemistry. 

38. The plastic container wall thickness 

10 measuring system according to claim 29, wherein said 
light sensor is made from lead selenide. 

39. The plastic container wall thickness 
measuring system according to claim 29, wherein said 

15 light sensor includes a reflective surface, the 

reflective surface angled such that the light energy 
is reflected in a direction away from the plastic 
bottle. 



30 



wo 01/65204 



1/4 



PCT/USOl/06012 




wo 01/65204 



2/4 



PCTAJSOl/06012 




FIG. 3 



wo 01/65204 



3/4 



PCT/USOl/06012 



34- 



49- 



50- 



52- 



54- 



56- 



SENSOR 




r 


DC VOLTAGE 
BLOCKING 

CAPACITOR 




r 



HIGH 
IMPEDANCE JFET 
OPERATIONAL 
AMPLIFIER 





r 


VIDEO 
OPERATIONAL 
AMPUFIER 




r 


CONVERT ANALOG 
SIGNAL TO 
DIGITAL SIGNAL 




r 


COMPUTER 



FIG. 4 



wo 01/65204 



4/4 



PCT/USOl/06012 




74- 



76- 



78- 



80- 



MEASURE 
THIN WALL 
CAUBRATION 
STANDARD 





r 


STORE THIN 
WALL 
RESULT 


1 


r • 



MEASURE 
THICK WALL 
CAUBRATION 

STANDARD 



STORE THICK 
WALL 
RESULT 





64-» 


TAKE READINGS 
AND STORE 
VALUES 








SELEQ 


66-* 


DESIRED 
VALUES 








AVERAGE 


68— 


SELECTED 
VALUES 




1 




COMPARE 


70-* 


AVERAGE WITH 

STORED 
STANDARDS 






72-* 


ACCEPTOR 


REJECT 
CONTAINER 




FIG. 5 



FIG. 6 



INTERNATIONAL SEARCH REPORT 



Inten application No. 

PCT/USOl/06012 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(7) :G01B 11/06 
US CL : 356/632 

Acconliiig to InteniatiaDal Patent dassificallon (IPC) or to both natjoaal classification and IPC 



B. FIELDS SEARCHED 



Mininnun documcniaiion searched (classification system followed by classification symbols) 
U.S. : 356/632, 630, 239.4; 250/223B, 559.27, 559.28 



Documentation seaithed other than minimum documentatiQn to die extent that such documents are inchided in the fields searched 



Electronic data base consulted during the imemational search (name of data base and, where practicable, search tenns used) 



C. DOCUMENTS CONSIDER ED TO BE RELEVANT 

Category* Citation of documeni, with indication, where impropriate, of tkt relevant passages Relevant to claim No. 

Y US 3,439,178 A (ROTTMANN) 15 April 1969 (15/04/1969), see 1-39 
figure 1 and column 1, lines 53-58. 

Y US 3,980,890 A (HECKRODT et al) 14 September 1976 1-39 
(14/09/1976), see column 1, lines 60-68. 

Y US 4,304,995 A (HUTTUNEN et al)08 December 1981 1-39 
(08/12/1981), see the abstract. 



I I Further documents ai« listed in the continuation of Box C. Sec patent family annex. 



* Special categoriei of cited documenti: 

> A' document donning the general stale of the art whieh h not coniidered 

to be of particular relevance 

'B' earlier document published on or after the international filing date 

'L" documeni which may throw doubts on prioriqr cl«ini(t) or which ii 

cited to csUblish the publication 4ate of anoOwr citatioD or other 
special reason (as speeifbd) 

'C document refening to an osml ditelosura, use. cxhibitioa or oUict 

means 

-p* document published prior to the mtamational Tiling data but bier than 



later document published after the tnumational filing data or priority 
date and not in conflict with the application bitt cited to understand 
the piinc^ile or theoiy underlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive step 
when the dooument b taken alone 

documeni of particular relevance; the claimed invention cannot be 
coiuidered to involve an inventive step when the doeumeni is 
combined with one or more other such documents, auch combination 
being obviotts to a person akiUed in tlw art 



document member of Ihe i 



9 patent family 



Date of the actual completion of the intenationai search 
14 JUNE 2001 


Date of mailing of the intematiooal search report 

^IJUNZOOi 


Name and mailing address of the ISAAJS 
Commissioner of Pfitents and Trademaxks 
Box PCT 

Washington, D.C. 20231 
Facsimile No. (703) 305-3230 


Authorized officer 

RICHARD A. ROSENBERGE^Hf9ti2^^ 
(Telephone No. (703) 308-095^ 



Fona PCT/lSA/210 (second sheet) (July 1998) * 



